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ZDVPHDVXUHGZLWKWKHLQVLGHWHPSHUDWXUHVHQVRU)RUșVH͕ WKHPHDVXUHPHQWGDWDIURPWKHRXWVLGHWHPSHUDWXUHVHQVRU
DQG ,57ZHUH XVHG ,W LV DOVR SRVVLEOH WR FRPELQH WKHPHDVXUHGɽVL DQGɽVH 7KLV DSSURDFKZDV XVHG IRU WKH
DQDO\VLV RI WKH LQVLWX PHDVXUHPHQW 7KHUH LW ZDV SRVVLEOH WR SHUIRUP ,57 RQ ERWK VLGH RI WKH JODVV SDQHO
$IWHUZDUGV WKHVHUHVXOWVZHUH UHFDOFXODWHG WRDQ5YDOXHRI WKHJOD]LQJ1RQHWKHOHVV LW LVFOHDUWKDWKL DQGKH
SOD\ D GHWHUPLQLQJ UROH LQ WKH FDOFXODWLRQ RI WKH8YDOXH$V D FRQVHTXHQFH VHYHUDO FRUUHODWLRQVZHUH XVHG DQG
FRPSDUHG
7KHKFLZDVFDOFXODWHGLWHUDWLYHO\XVLQJWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQɽVL76DQGɽL>7KRPDVHWDOFLWHG
LQ@7KLVPHWKRGZDVDOVRXVHGWRHVWLPDWHKFHLQWKHVWDWLFFRQGLWLRQGHSHQGLQJRQɽHDQGɽVH76$IWHUDOOQRZLQG
HIIHFWVRFFXUUHGVLQFHWKHWHVWER[ZDVSODFHGLQLQGRRUFRQGLWLRQVGXULQJWKHVWDWLFWHVW
&RQFHUQLQJ KFH LQ G\QDPLF FRQGLWLRQV WKH FRUUHODWLRQV RI 0R:LWW>@ DQG /LX DQG +DUULV>@ ZHUH XVHG WR
FRPSDUHWKHLQIOXHQFHRIWKHFKRVHQFRUUHODWLRQ%RWKFRUUHODWLRQVZHUHGHYHORSHGIRUVPRRWKYHUWLFDOVXUIDFHVDQG
GHSHQGHG RQ9 DQGZLQG GLUHFWLRQ >@7R HVWLPDWH9 GDWDZHUH WDNHQ IURP DZHDWKHU VWDWLRQ LQ9OLVVLQJHQ
DSSUR[  NP WR WKH 1RUWK RI WKH PHDVXUHPHQW VLWH 7R DVVHVV WKH LPSDFW RI ZLQG YHORFLW\ 9 ZDV DOVR
UHFDOFXODWHGWRWKHDFWXDOHQYLURQPHQWRIWKHWHVWER[ZLWKWKHSRZHUODZZLQGVSHHGSURILOH>@
)RUKUH DQGKUL WKHPHWKRGGHVFULEHG LQ(1 ,62$QQH[$ZDV XVHG&RQFHUQLQJKUL 7PZDV VHW WR WKH
DYHUDJHWHPSHUDWXUHEHWZHHQWKHWHPSHUDWXUHRIWKHPHWDOVKHHWZDUPLQJXSWKHER[DQGWKHJODVVVXUIDFH)RUKUH
WKLVIDFWRUZDVHVWLPDWHGDVWKHDYHUDJHRIșVH76DQG ɽUHIO7KHODWWHUZDVGHWHUPLQHGZLWK,57(PLVVLYLW\İGHSHQGHG
RQWKHVXUIDFHRIWKHXVHGPHDVXUHPHQWLQVWUXPHQW(JZKHQEODFNWDSHZDVXVHGWRDWWDFKWKHWHPSHUDWXUHVHQVRUV
KU ZDV FDOFXODWHG ZLWK İ  ,Q WKH FDVH RI ,57 RQ WKH EODFN HPLVVLYLW\ WDSH DQG WKH JODVV VXUIDFH KU ZDV
FDOFXODWHG ZLWK ɸ   $OO FRHIILFLHQWV ZHUH GHULYHG IRU HDFK WLPH VWHS 7DEOH  JLYHV DQ LPSUHVVLRQ RI WKH
PDJQLWXGHRIWKHVXUIDFHWUDQVIHUKHDWFRHIILFLHQWVXVHGLQWKHVWDWLFG\QDPLFDQGLQVLWXFRQGLWLRQ
7DEOH$YHUDJHYDOXHRIDOOVXUIDFHKHDWWUDQVIHUFRHIILFLHQWV:Pð.XVHGLQWKHFDOFXODWLRQRIWKHWKHUPDOUHVLVWDQFH7KHDYHUDJHYDOXHV
IURPWKHLQVLWXPHDVXUHPHQWZHUHWDNHQRYHUDWLPHIUDPHRIDQKRXULQZKLFKWKH,57PHDVXUHPHQWVZHUHSHUIRUPHG
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7KHUPDOUHVLVWDQFHZLWK,57LQVWDWLFFRQGLWLRQV
)LJXUH  VKRZV WKH REWDLQHG 5YDOXHV LQ VWDWLF FRQGLWLRQV 5VH76 5IOX[SODWH 5LUWWDSH DQG 5LUWJODVV VHHPHG LQ
DFFRUGDQFH2IFRXUVH5VH76DQG5IOX[SODWHZHUHUHVSHFWLYHO\Pð.:DQGPð.:KLJKHURQDYHUDJH7KLV
ZDVFDXVHGE\WKHWKHUPDOUHVLVWDQFHRIWKHVHQVRUVWKHPVHOYHV:LWKWKLVLQPLQG,57VHHPHGFRPSDUDEOHWRRWKHU
PHDVXUHPHQWWHFKQLTXHVIRUWKHHVWLPDWLRQRIWKHUPDOSHUIRUPDQFHV
7KHPLQLPXPDQGPD[LPXPYDOXHVRI5LUWWDSHDQG5LUWJODVVVKRZDGLIIHUHQFHRIPð.:7KLVLVFDXVHGE\
WKHYDULDQFH LQɽVH͕LUW7KHGLUHFWLRQ IURPZKLFK WKH WKHUPRJUDSKLFSLFWXUHZDV WDNHQUHVXOWHGLQGLIIHUHQW VXUIDFH
WHPSHUDWXUHVDWWKHVDPHSRLQW1RQHWKHOHVV WKLVUHPDLQHGZLWKLQ WKHXQFHUWDLQW\ ILHOGRI WKHFDPHUDZKLFKZDV
&RURI UHDGLQJ ,WFDQDOVREHVHHQWKDW WKHPLQLPXPDQGPD[LPXP5VH76GLIIHUHGE\Pð.:7KLV
ZDVGXHWRIOXFWXDWLRQVRIɽHLQWKHODERUDWRU\
1H[WWRWKDW5VL76ZDVDOZD\VKLJKHUFRPSDUHGWRWKH5YDOXHVHVWLPDWHGZLWKɽVH7KLVZDVDOVRWKHFDVHLQWKH
G\QDPLFPHDVXUHPHQWVRI WKH WHVWER[ ,W LVDVVXPHG WKDW WKHKFLLQ WKHKHDWHGWHVWER[ZDVXQGHUHVWLPDWHGZKHQ
HVWLPDWHGZLWKWHPSHUDWXUHGLIIHUHQFHVRQO\WDEOH$FRQYHFWLYHIORZPLJKWEHLQGXFHGE\WKHSRVLWLRQRIWKHKRW
PHWDOSODWHWRZDUGVWKHFROGJODVVVXUIDFHE\ZKLFKDQXSZDUGIORZDWWKHPHWDOSODWHDQGDGRZQZDUGIORZDFURVV
WKHJODVVVXUIDFHLVJHQHUDWHG7KLVPLJKWDOVRH[SODLQWKHWHPSHUDWXUHGLIIHUHQFHDFURVVWKHJODVVVXUIDFHRQILJXUH
E $VVXPLQJ WKDW 5LV76 VKRXOG EH RQ DYHUDJH Pð.: LQVWHDG RI Pð.: DQG WKDW KUL IURP WDEOH  LV
HVWLPDWHGDFFXUDWHO\WKDQKFLVKRXOGEHRQDYHUDJH:Pð.LQVWHDGRI:Pð.WDEOH,QWKHIXWXUHWKLV
HIIHFWZLOOEHH[DPLQHGE\VLPXODWLRQVDQGVPRNHWHVWVLQWKHER[




7KHUPDOUHVLVWDQFHZLWK,57LQG\QDPLFFRQGLWLRQVDQGLQVLWX
)LJXUH  VKRZV WKH UHVXOWLQJ 5LUWYDOXHV EDVHG RQ WKH VXUIDFH WHPSHUDWXUH IURP WKH EODFN WDSH REWDLQHG LQ
RXWGRRUFRQGLWLRQV7KHLQIOXHQFHRIWKHHVWLPDWHGZLQGYHORFLW\DQGXVHGFRUUHODWLRQLVGLVSOD\HG7KHZHDWKHUZDV
FORXG\EXWWKHVN\FOHDUHGXSDWWKHHQGRIWKHWHVW,QOLQHZLWKWKHVHQVLWLYLW\VWXG\>@ WKHKLJKHUYDOXHVRI5LUW
ZHUH HOLPLQDWHG E\ GLVFDUGLQJ WKH GDWD REWDLQHG XQGHU FOHDU VN\ FRQGLWLRQV 7KLV LV GXH WR WKH ORZ FOHDU VN\
WHPSHUDWXUHWKDWGHFUHDVHVșVH͕ E\ZKLFKWKH5YDOXHVDUHRYHUHVWLPDWHG%\H[SUHVVLQJWKHWKHUPDOSHUIRUPDQFHDV
5YDOXHV LQVWHDG RI 8YDOXHV WKH LQIOXHQFH RI WKH FKRVHQ FRUUHODWLRQ ZDV HOLPLQDWHG :KHQ FRPSDULQJ ERWK
FRUUHODWLRQVDOOUHVXOWVGLIIHUHGE\RQO\Pð.:LQDOOZLQGYHORFLWLHV
1RQHWKHOHVV WKH 5YDOXH ZDV XQGHUHVWLPDWHG ZKHQ WKH ZLQG YHORFLW\ ZDV RYHUHVWLPDWHG LQ WKH FDOFXODWLRQV
8VLQJ9LQVWHDG RI9 UHVXOWHG LQPXFK ORZHU5LUWYDOXHV )LJXUH 7KLVZDV GXH WR WKH REWDLQHG8LUWWKDWZDV
GLUHFWO\ SURSRUWLRQDO WR KFH DQG WKXV WR WKH ZLQG YHORFLW\ 'XULQJ WKH G\QDPLF PHDVXUHPHQWV WKH DFWXDO ZLQG
)LJXUH5LUWREWDLQHGLQG\QDPLFFRQGLWLRQVEDVHGRQWKHVXUIDFHWHPSHUDWXUHIURPWKHEODFNWDSH2YHUHVWLPDWLQJWKHZLQGYHORFLW\UHVXOWHGLQ
XQGHUHVWLPDWHGWKHUPDOUHVLVWDQFHV2QWKHRWKHUKDQGWKHHIIHFWRIWKHFKRVHQFRUUHODWLRQGLPLQLVKHGZKHQH[SUHVVLQJWKHUHVXOWLQWKHUPDO
UHVLVWDQFHLQVWHDGRILQWKHUPDOWUDQVPLWWDQFH
 
 
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
5IOX[SODWH 5(1 5LUWW 5LUWW1RFOHDUVN\ 5LUWW 5LUWW1RFOHDUVN\ 5LUWW 5LUWW1RFOHDUVN\
5YDOXHPð.:LQG\QDPLFFRQGLWLRQV 3HUFHQWLOH 3HUFHQWLOH $YHUDJH
)LJXUH5YDOXHVLQVWDWLFFRQGLWLRQV:LWKWKHH[FHSWLRQRI5IOX[VHQVRUDQG5LV76WKHGLIIHUHQFHVEHWZHHQWKHPHDVXUHPHQWWRROVFDQEH
H[SODLQHGE\WKHWKHUPDOUHVLVWDQFHRIWKHVHQVRUVPDWHULDO)RU5(1WKHWHPSHUDWXUHRIWKHDLUDQGWKXVȜDLUPLJKWEHXQGHUHVWLPDWHGLQWKH
VWDWLFFRQGLWLRQ)RU5LV76WKHKFLLQWKHER[PLJKWEHXQGHUHVWLPDWHGGXHWRWKHFRQYHFWLRQFDXVHGE\WKHKRWPHWDOSODWH5IOX[VHQVRUZDVYHU\
ORZFRPSDUHGWRDOORWKHUPHDVXUHPHQWWRROV7KHVHQVRUPHDVXUHGYHU\KLJKKHDWIOX[HVFRPSDUHGWRWKHWKHRUHWLFDOYDOXHDQGWKHKHDWIOX[
SODWH&RQVHTXHQWO\IXUWKHUUHVXOWVIURPWKHKHDWIOX[VHQVRUZHUHOHIWRXWWKHDQDO\VLV
0R:LWW>@9 /LXDQG+DUULV>@90R:LWW>@9




  





5(1 5LV76 5HV76 5IOX[VHQVRU 5IOX[SODWH 5LUWWDSH 5LUWJODVV
5YDOXHPð.:LQVWDWLFFRQGLWLRQV SHUFHQWLOH SHUFHQWLOH $YHUDJH
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YHORFLW\ YDULHG FRQVWDQWO\ 7KHUHIRUH D SUDFWLFDO QRQORJJLQJ PHWKRG LV QHFHVVDU\ WR HVWLPDWH WKH YHORFLW\ DQG
GLUHFWLRQRIWKHZLQGZKHQXVLQJDQRQFRQWDFWPHDVXUHPHQWWRROOLNH,57)XWXUHUHVHDUFKZLOOWKHUHIRUHIRFXVRQD
PD[LPXPDOORZHGZLQGYHORFLW\RQRQHKDQGDQGSUDFWLFDOPHWKRGV WR VKLHOGWKHJOD]LQJ IURPZLQGRQ WKHRWKHU
KDQG
$QRWKHUZD\ WRDGGUHVVXQIDYRUDEOHZHDWKHUFRQGLWLRQVDQGRYHUHVWLPDWHGZLQGYHORFLWLHV LVGHPRQVWUDWHGE\
WKHLQVLWXPHDVXUHPHQWRIWKHVDPHW\SHRIJOD]LQJ)LJXUHD)LJXUHEVKRZVWKHREWDLQHG5YDOXHVIURPLQVLWX
PHDVXUHPHQWVRQDGRXEOHJOD]HGSDQH ORFDWHGPDERYHJURXQG OHYHO7KHUHZDVFOHDUZHDWKHUDQGOLWWOHZLQG
GXULQJ WKH ,57 VXUYH\+HUH LWZDV SRVVLEOH WR SHUIRUP ,57RQ ERWK WKH RXWVLGHDQG LQVLGH VXUIDFH RI WKH JODVV
SDQHV,WZDVH[SHFWHGWKDW5HLUWZRXOGEHRYHUHVWLPDWHGZKHUHDV5LLUWZRXOGEHXQGHUHVWLPDWHGVLQFHWKHFOHDUVN\
UDGLDQFHFDXVHV ORZHUɽƐŝ DQGɽVH ,Q ILJXUHELWFDQEHVHHQWKDW5LLUW DQG5HLUWGHYLDWHG IURP5HQDVH[SHFWHG
ZKHUHDV5LHLUWFDOFXODWHGIURPERWKșVHDQGșVLDSSURDFKHG5(1WKHPRVW1H[WWRWKDWEDVHGRQHTXDWLRQVDQG
 LW LV SUHVXPHG WKDW 5L DQG 5LH DUH OHVV LQIOXHQFHG E\ WKH ZLQG YHORFLW\ HVWLPDWLRQ 7KHVH UHVXOWV DUH PRUH
GHSHQGLQJRQKLDQGE\H[WHQVLRQKLFZKLFKFDQEHDFFXUDWHO\HVWLPDWHGLQQRUPDOEXLOGLQJFRQGLWLRQV
 &RQFOXVLRQ
7KLV SDSHU SUHVHQWHG 5YDOXH HVWLPDWLRQV EDVHG RQ ,57 SHUIRUPHG XQGHU GLIIHUHQW ERXQGDU\ FRQGLWLRQV RQ D
GRXEOHJOD]HGSDQHOZLWKDQDLUFDYLW\7KHILUVWWHVWVSRLQWHGRXWWKDWLWVKRXOGEHSRVVLEOHWRDVVHVVDUHOLDEOH5LUW
YDOXH LQVWDWLFFRQGLWLRQVEDVHGRQșVHLUW RQO\ ,QG\QDPLFFRQGLWLRQVKRZHYHU WKHUHVXOWVZHUHLQIOXHQFHGE\ WKH
ZLQGYHORFLW\HVWLPDWLRQ3UHOLPLQDU\LWFDQEHFRQFOXGHGWKDWZLQGVKRXOGEHDYRLGHGDVPXFKDVSRVVLEOHGXULQJ
,57PHDVXUHPHQWV7KLVSUREOHPFDQEHSDUWLDOO\HOLPLQDWHGE\XVLQJșVLLUWRQO\RUDFRPELQDWLRQRIșVHLUWDQGɽVLLUW
,QWKHFDVHRIORZZLQGYHORFLWLHVDQGFORXG\ZHDWKHUKRZHYHUɽƐĞ͕ŝƌƚ VHHPHGWRJLYHUHOLDEOH5YDOXHVZKHQXVLQJ
DQDSSURSULDWHFRUUHODWLRQIRUKHFILJXUH )XUWKHUUHVHDUFKZLOOIRFXVRQDPD[LPXPDOORZDEOHZLQGYHORFLW\IRU
TXDQWLWDWLYH ,57 DQG WKH SURILWV IURP VKLHOGLQJ WKH JODVV SDQH IURP ZLQG 1H[W WR WKDW WKH LQIOXHQFH RI ORZH
FRDWLQJVDQGIRLOVLQJOD]LQJRQWKHERXQGDU\FRQGLWLRQVIRU,57ZLOOEHH[DPLQHG7KLVZLOOEHVWXGLHGE\WHVWLQJ
GLIIHUHQWW\SHVRIJODVVSDQHOVLQERWKVWDWLFDQGG\QDPLFFRQGLWLRQVZLWKWKHWHVWER[DQGE\LQVLWXPHDVXUHPHQWV
$FNQRZOHGJHPHQWV
7KHUHVHDUFKKDVEHHQILQDQFHGE\WKH)OHPLVK,QVWLWXWHIRUWKH3URPRWLRQDQG,QQRYDWLRQE\6FLHQFHDQG
7HFKQRORJ\LQ)ODQGHUV,:77KHLUILQDQFLDOVXSSRUWLVJUHDWO\DFNQRZOHGJHG7KHDGYLFHDQGDVVLVWDQFH
RI3LHW6WDQGDHUWGXULQJWKHLQVLWXPHDVXUHPHQWLVDOVRJUHDWO\DFNQRZOHGJHG$FNQRZOHGJPHQWLVDOVRH[WHQGHGWR
-RNH+DXVWUDHWHZKRKHOSHGH[HFXWLQJWKH,57PHDVXUHPHQWVDVSDUWRIDPDVWHUGLVVHUWDWLRQ
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